Strep. pneumoniae was diagnosed as the cause of pneumonia in 40 (50%) of 80 consecutive adults admitted to St Stephen's Hospital with community-acquired pneumonia. None of the patients had evidence of Mycoplasma pneumoniae infection, and Legionella pneumophila serology was positive on only one occasion. In 29 patients (36%) no causative organism was demonstrated. The diagnosis of pneumococcal infection was obtained in 15 cases by isolating Strep. pneumoniae from the sputum, in 13 further cases by demonstrating pneumococcal capsular antigen in sputum, and in 12 other cases by detecting pneumococcal antigen in serum only. Only 2 cases with pneumococcal pneumonia were bacteraemic and 3 patients (7%), all aged more than 75 years, died. The relatively low bacteraemic and mortality rates suggest that community-acquired pneumococcal pneumonia currently seen in patients admitted to hospital in central London may not be so severe as in some other areas.
Adult community-acquired pneumonia in central London' Introduction During the last few years reports from Nottingham (MacFarlane et al. 1982) and Bristol (White et al. 1981 ) have suggested a widely differing incidence of Streptococcus pneumoniae, Legionella pneumophila and Mycoplasma pneumoniae as causes of adult community-acquired pneumonia. The aim of this study was to investigate the microbial causes of communityacquired pneumonia in adults in central London requiring hospital admission, to document the clinical and laboratory findings associated with different microbial causes, and to define possible predisposing factors which may influence the outcome of treatment.
Methods

Patients
Between September 1979 and August 1982 all consecutive adult cases of communityacquired pneumonia requiring admission to St Stephen's Hospital under the care of the Professorial Medical Firm were studied prospectively. These patients were admitted randomly by duty day. All patients who entered the study had clinical features of acute lower respiratory tract infection and evidence of fresh pulmonary shadowing on the chest radiograph. After collection of specimens, a one-week course of antibiotic therapy was prescribed and physiotherapy given. The antibiotic was either erythromycin 500 mg 6-hourly, or ampicillin 500 mg plus flucloxacillin 500 mg 6-hourly. Repeated clinical and radiological examinations were carried out during admission and as an outpatient until complete recovery had occurred. examined by naked eye, by gram stain and, using a dilution method (Stokes & Ridgeway 1980) , cultured on blood and chocolate agar in co2 for 48 hours. Following the availability of selective Oxoid blood agar medium, sputum was cultured for Legionella pneumophila. Sputum and serum were tested for pneumococcal capsular antigen by counter-current immunoelectrophoresis (CIE) (El-Refaie & Dulake 1975) using pneumococcal omniserum (Statens Serum Institute, Copenhagen). Admission and convalescent serum were also examined for complement-fixing antibodies to influenza A and B, parainfluenza and adenovirus, Mycoplasma pneumoniae, Chlamydia psittaci and Coxiella burneti (Department of Virology, Kings College Hospital Medical School), and Legionella pneumophila Serogroup I antibodies by indirect immunofluorescence using Legionella yolk sac antigen (Harrison & Taylor 1982) . Serum samples were taken on admission and one week later in hospital. Further samples were collected in outpatients, usually at least three weeks after the onset of symptoms.
Results
Patients
Eighty patients (49 male, 31 female) aged between 21 and 91 years (mean 64) were studied. Seventy-four patients (92%) were of Caucasian origin. Thirteen (16%) had received antibiotics from their general practitioner just prior to admission: 6 patients had had ampicillin or amoxycillin, 5 a tetracycline, whilst cephalexin and co-trimoxazole had each been prescribed once. Forty-four patients (55%) were cigarette smokers and 29 (36%) had coexisting respiratory disease. This included 19 patients with chronic bronchitis and/or emphysema, 4 with carcinoma of the bronchus and 3 asthmatics. Nearly all patients (91%) were resident in London and 32 (40%) lived alone. Most patients (57%) were referred to the casualty department by their general practitioners, whilst 18 (23%) required emergency ambulance admission. Nine patients (11 %) regularly consumed at least 4 pints of beer (or equivalent) each day.
Microbial diagnosis
Sputum was available for culture on the day of admission from 66 patients (82%) of whom 54 had sputum examined also for pneumococcal antigen. Two blood culture sets were collected from every case prior to hospital antibiotic treatment. Serum was tested for pneumococcal antigen in 65 cases (81%) including all but one of the 14 patients who were unable to produce a sputum specimen on admission. Paired sera were available for antibody tests in 53 (74%) of the surviving patients who were available for follow up.
Pneumococcal infection was diagnosed in 40 (50%) of the patients (Table 1) . Sputum culture was positive by the dilution method for Strep. pneumoniae in 15 patients, and in 2 of these the organism was also isolated from the blood. In 13 additional cases the microbial diagnosis was obtained by demonstrating pneumococcal capsular antigen (PCA) in sputum by the CIE test. There were 12 other patients in whom a positive serum PCA test was the only evidence of pneumococcal infection. Seven patients with pneumococcal infection had evidence of mixed infections with Haemophilus influenzae (3 cases), influenza A (2 cases), influenza B (1 case) and Legionella pneumophila (1 case). The latter patient was elderly with an unchanging positive serum immunofluorescent Legionella antibody test (titre 1 in 128), but had no multisystem features suggestive of Legionnaires' disease. The PCA test was also positive in her sputum sample. None of the patients who had evidence of pneumococcal infection expectorated a 'rusty' sputum. Though gram-positive cocci were seen in 18 (45%) of the 40 patients with pneumococcal pneumonia, including 12 (80%) of the 15 patients with a positive pneumococcal sputum culture, the laboratory did not report any sputum showing predominant gram-positive diplococci.
Staph. aureus was cultured from the sputum of 3 patients including a patient with serological evidence of influenza A. Haemophilus influenzae and M. tuberculosis were cultured from the sputum of 5 and 2 patients respectively. Blood cultures yielded growth of Strep. milleri from one patient and Proteus mirabilis from another. Serological evidence of influenza A or B with titres > 1 in 128 in convalescent serum samples and/or evidence of at least a four-fold rise in complement fixing titre were obtained in 5 patients.
No patient from whom serum samples was obtained had serological evidence of infection due to Mycoplasma pneumoniae, Chlamydia psittaci, Coxiella burneti or viruses other than influenza A or B.
Forty-three patients had a single causative organism identified. In 8 patients there were mixed infections due to 2 organisms, and in 29 patients no microbial diagnosis was obtained.
Sputum culture was positive in 4 of the 13 patients on antibiotics at the time of admission and in 20 of the 67 patients not on antibiotics. Only 7 cases with no microbial diagnosis had antibiotics prior to admission.
Clinical features There were no major differences in clinical features between patients with pneumococcal pneumonia and those with non-pneumococcal pneumonia. There was little clinical evidence of multisystem involvement in either group, with only 8 (10%) patients having gastrointestinal symptoms. Mental confusion on admission was a marked feature in 24 patients (30%). Clearance of confusion correlated well with resolution of pyrexia.
Hallucinations, dysarthria and ataxia were not observed.
The right lung was most frequently the site of consolidation (47%) though 16 (20%) patients had bilateral involvement. Thirty (75%) of the pneumococcal and 64 (80%) of all pneumonias had patchy or segmental rather than lobar consolidation.
Other investigations
On admission proteinuria was present in 16 (20%) patients, haematuria in 3, severe hyponatraemia (sodium< 130 mmol/l) occurred twice, whilst 6 patients had abnormal liver function. Of 15 patients with a lymphocyte count < 1 x 109/l, 10 had no microbial diagnosis, one had Strep. milleri, one Haemophilus influenzae and 3 had pneumococcal pneumonia. The frequency of lymphopenia was significantly different between the pneumococcal (n=40), other microbial (n = 11) and no microbial (n = 29) diagnosis groups (x2 = 6.59, P < 0.05).
In the 10 patients with lymphopenia and no microbial diagnosis, the mean total white blood count (10.3 + 1.4 x 109/1) was significantly lower (P<0.001) than in the other 19 undiagnosed cases (16.6 + 2.0 x 109/1), all of whom had a neutrophil leukocytosis.
Mortality
Nine (11%) of the 80 patients died, including 3 (7%) of those with pneumococcal infection (aged 75, 80 and 90 years) and one patient with pulmonary tuberculosis ( Table 2) . None of the 3 fatal pneumococcal cases had bacteraemia or antigenaemia, the diagnosis being made on sputum culture (1 case) and sputum pneumococcal antigen (2 cases). The other 5 deaths occurred amongst the 29 cases with no microbial diagnosis. Four of these patients were over 80 years old whilst the fifth, aged 67 years, died suddenly and post-mortem examination confirmed a myocardial infarction. Eight of the 9 patients who died had underlying conditions. The mortality rate was not significantly affected by the antibiotic regimens used in this study.
Discussion
Our results differ from the two recent UK studies of community-acquired pneumonia requiring hospital admission. In Nottingham (MacFarlane et al. 1982) there were remarkably few cases (3%) without any microbial diagnosis, which may reflect the analysis of concentrated urine samples and necropsy lung material for pneumococcal antigen. Twenty-nine (36%) of our cases had no microbial diagnosis compared with 52% from the Bristol study (White et al. 1981) where no test was performed for pneumococcal antigen. A previous hospital study (Spencer & Philp 1973) of pneumonia suggested that antibiotic prescribing by general practitioners influenced the number of undiagnosed cases. However, in our study this cannot be the full explanation since only 7 out of 29 undiagnosed cases were taking antibiotics at the time of admission. Evidence for pneumococcal infection was obtained in 50% in the present London series compared with 76% and 11% of patients in Nottingham and Bristol respectively. At St Stephen's all sputum samples received for culture since 1979 have had CIE carried out routinely. In our experience it is rare to find pneumococcal antigen in the sputum without clinical evidence of pneumonia. In addition, only 3% of approximately 100 non-pneumonia cases had a positive serum pneumococcal antigen during the period of this study.
No definite case of Legionnaires' disease was diagnosed although one patient had a Legionella antibody titre of 1 in 128. The low incidence of Legionnaires' disease contrasts with the Nottingham study (MacFarlane et al. 1982) where Legionella was the second most common cause of pneumonia (15% of cases), and a more recent study from Glasgow (Kennedy & Borland 1983) where Legionella was the commonest pathogen identified. Reliable diagnosis of Legionnaires' disease depends on examination of convalescent serum ideally for as long as six weeks following the onset of illness (Harrison & Taylor 1982) , but the majority of positive serology findings are present by day 9 (Taylor & Harrison 1981) . Though most of our patients had convalescent serum tested at three weeks and not six, we feel this is an unlikely explanation for the low incidence of positive Legionella serology. It has been suggested that lymphopenia without a marked leukocytosis, hyponatraemia, hypoalbuminaemia, abnormal liver function tests, proteinuria and haematuria are common features of Legionnaires' disease (Miller 1979 , Davies 1980 . Though 10 of our nondiagnosed cases had a lymphocyte count of less than 1 x 109/1, the low frequency of multisystem clinical and laboratory findings is consistent with the low incidence of Legionella infection. The presence of polymorph leukocytosis in 19 non-diagnosed cases suggests that pyogenic bacteria accounted for most of these pneumonias. None of 53 cases on whom paired samples were examined had positive Mycoplasma pneumoniae serology, in contrast to the Bristol study (White et al. 1981) where Mycoplasma pneumoniae was the most common pathogen. The explanation for the absence of mycoplasma infection need not only be geographical. The majority of our patients were aged over 60 years, children were excluded and less than 15% were under the age of 35 years. A high percentage (40%) had been living alone, and Mycoplasma spreads particularly in families where children are present. The periodic variation in Mycoplasma infection (Noah & Urquhart 1980 ) is well recognized, a peak occurring during the Bristol study (1974) (1975) (1976) (1977) (1978) (1979) (1980) but not at the time of the Nottingham study (1980 & 1981) where only 3 cases of Mycoplasma pneumoniae were diagnosed (MacFarlane et al. 1982) . The combined experience of the other three firms at St Stephen's suggested that the incidence of Mycoplasma pneumonia over the period of this study* was between 2 and 3% of all pneumonia cases requiring admission. In 1967-68 Mycoplasma pneumoniae was not implicated as an aetiological agent in any of the 292 adult cases of pneumonia studied in Atlanta, USA (Sullivan et al. 1972 ).
The more frequent involvement of the right lung has been noted previously (Cecil et al. 1927) . Unlike early studies including the last large series in London in 1942-44 (Humphrey et al. 1948) , the majority (75%) of patients in the present study had broncho-, patchy or segmental pneumococcal consolidation rather than lobar pneumonia. Only 2 patients had pneumococcal bacteraemia, one with segmental and the other with lobar pneumonia. In a recent American study of pneumococcal pneumonia (Ort et al. 1983) , radiographically bronchopneumonia was more common (61%) than the classical lobar pattern (39%), and lobar pneumonias were more frequently bacteraemic.
A fatal outcome in pneumococcal pneumonia may be associated with increasing age, coexisting disease and bacteraemia (Norrby & Pope 1979) . Our 3 patients who died of pneumococcal pneumonia were aged over 75 years and each had an underlying disease. It was surprising that the pneumococcus was cultured from blood in only 2 patients despite recommended culture techniques (Stokes 1974) and the presence of antigenaemia in 12 cases. Our relatively low mortality (7%) and bacteraemia (5%) rate contrasts with pneumococcal pneumonia in Nottingham where the mortality rate was 18% and bacteraemia rate was 19%;-7 of the 18 bacteraemic patients with pneumococcal pneumonia died (MacFarlane et al. 1982 ).
These differences suggest that pneumococcal pneumonia may be a less severe illness in central London. If regional variation in the incidence and severity of pneumococcal pneumonia is established, this would have implications for recommendations on the use of pneumococcal polysaccharide vaccine and on the clinical choice of the most appropriate antibiotic regimen in the initial management of pneumonia.
